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control in patients with insulin-dependent diabetes mellitus (IDDM) is concerned, increased GH has been incriminated because of its insulin resistance [1] . Recently low bioavailability of free IGF has, however, been investigated to explain the dawn phenomenon or hyperglycemia in the early morning [2] [3] [4] [5] . Since patients with IDDM often show low insulin-like growth factor-(IGF-) I and low IGF binding protein (BP)-3, acutely increased IGFBP-1 may bind to free IGF-I, resulting in further decreased bioavailability of the latter in the circulation. Then the decreased amount of free IGF-I may cause hyperglycemia because of a decreased hypoglycemic effect, and it may also result in increasing GH secretion as a negative feed-back.
The acute increase in IGFBP-1 can account for a low hepatic insulin level early in the morning in patients with IDDM dependent on administered exogenous insulin, since IGFBP-1 production is dependent on an insulin deficient state of the liver, but independent of the GH-IGF axis. If true in the case of IGF-I, the role of IGF-II and its free form must be considered in the glycemic control of IDDM. We therefore attempted to clarify the interrelationships among IGFs and their binding proteins with regard to glycemic control in children 
Subjects and Methods
Forty-seven children and adolescents with IDDM had blood samples taken on a fasting morning. They were divided into three groups according to pubertal development: group A, prepuberty; group B, early puberty, Tanner's 2 and 3; and group C, late puberty, Tanner's 4 and 5.
Blood samples were measured for glucose (FPG), HbA1c, IGF-I (Daiichi Isotope), IGF-II (Daiichi Isotope), IGFBP-1(Mitsubishi Chemical BCL), and IGFBP-3 (Daiichi Isotope) as described previously [3, 5, 6] . Standard deviation scores (SDS) for the latter four measured with individual immunoradiometric assay kits were obtained with reference to the data for the related age by sex as reported above.
Square root-transformation was used for IGF-I and IGF-II, and log-transformation for IGFBP-1 and IGFBP-3, since these were square root-or log-normally distributed.
To determine the free status of IGFs, calculated parameters were applied for total IGFs as (IGF-I + IGF-II), and for free IGFs as (either IGF-I or IGF-II) / (IGFBP-1 + IGFBP-3) or (IGF-I + IGF-II)/ (IGFBP-1 + IGFBP-3) [7] .
Comparisons of groups were made only for the SDS of each parameter by Student t-test. Linear regression analyses were applied for comparisons of parameters.
P<0.05 was considered significant. S134 AMEMIYA et al.
Results
Blood levels and/or SDS of measured parameters in patients with IDDM according to pubertal stages are shown in Table 1 
Discussion
It was again revealed in this study that IGFBP-1 affects FPG as an index of the dawn phenomenon, since the correlation was highly significant as previously reported [2] [3] [4] [5] . In view of the role of IGFBP-1 in decreasing the bioavailability of free IGF-I our findings suggested that the correlation between FPG and IGF-I/(IGFBP-1 + IGFBP-3) was more significant (r=0.55) than the correlation between FPG and IGF-I/IGFBP-3 (r=0.48). There has been ample evidence of increased secretion of GH in patients with IDDM [1] , but the low level of IGF-I remains to be explained, and GH resistance and/or altered adaptation in liver have been suggested as the causative factors. As to the IGF-II level in IDDM, no conclusive evidence has been established except for the correlation with height SDS [8] . Although low IGF-II was reported in new-onset IDDM or in untreated patients [8, 9] 
